According to the performance requirements of the control system for voice coil motor, a pulse width modulation driving system is designed and implemented based on an integrated power device and a field programmable gate array. LMD18200 is used as the motor driver to design the unit of switch type power driving. With APA300 as the digital controller, the modular design of the digital controller realizes with the Verilog hardware describing language, so it has a good flexibility and portability. The experimental results show that the current loop can rapidly keep track of current changes under the working condition of the voice coil motor power driver. Therefore, the servo system of voice coil motor is compared with the practical requirement.
Introduction
There is the interference modulation system in the atmospheric sounder. In order to driving the moving mirror to complete the swing motion, it is necessary to reasonably design the corresponding servo system, and enable the moving mirror to work in uniform motion with high precision in the effective stroke. The voice coil motor is characterized by its simple structure, small size, high speed and fast response speed. When combined with the control system, the voice coil motor can realize the speed servo control with high precision.
The servo system adopts the implementation scheme of double closed-loop control realized by the current loop and the speed loop, so that we can improve the stability of the moving mirror's scanning mechanism. Since the current loop is the inner loop, the transfer function of its control object has to be transformed. In this way, we can improve the rapidity of the system, and realize fast response to the control input of the speed loop (Zmood & Holmes, 2003; Li & Wu, 2009; Lin & Li, 2012) .
There are two types of driving modes in the power driving of voice coil motor. The first mode is linear amplification driving, which is not only power-consuming but also low efficient. It is common for voice coil motors of small power, usually under the wattage, to adopt this driving mode. The second mode is switch type driving, which is characteristic of low-power-consuming and fast response. The pulse width modulation is a commonly used method in the second driving mode. The pulse width modulation power driver employs the switch characteristics of high power transistors to modulate DC power supply of fixed voltage values. With a preset frequency value, we can switch on and off. By controlling the length of time needed to switch on and off in the transistor, we can control the average voltage flowing through the motor, and thus control the motor speed.
The motor controller has witnessed the development from the analog controller to the digital controller. The programmable logic device FPGA is known for its high integration, fast working speed and flexible programming. Hence FPGA is widely used in the driving control for the servo system of voice coil motor. Compared with discrete devices, the use of FPGA can increase the working frequency, simplify the circuit structure, and reduce the size and power consumption as well. driving device LMD18200. In this proposed design, FPGA chip APA300 is the digital controller of choice, and full digital control is realized for pulse width modulation power driver. Experiments are conducted to verify the performance of pulse width modulation power controller in the servo system of voice coil motor (Yeom, Park & Jung, 2007; Ke, Zhou, Yao & Tang, 2003) .
Unit of Switch Type Power Driving
With the pulse width modulation driving mode, the speed range is wide, the switch frequency is high, and the current waveform is good. The adoption of H type bipolar pulse width modulation driving can guarantee that the armature current is always continuous in the voice coil motor. This current enables the motor to generate high-frequency vibration, and to weaken the interference of static friction torque, so as to enhance the low speed features of the servo system. As a result, we adopt H type bipolar pulse width modulation driving mode in the voice coil motor power driving (Wu, Jiao, Yan, Zhang, Yu & Chen, 2014; Wang, Guo, Yu & Zhang, 2010) . Considering factors like simplification of the circuit design, the system reliability and the driving module size, we choose the integrated power driving device LMD18200, whose internal function block diagram is shown in Figure 1 . Figure 1 . LMD18200's internal function block diagram LMD18200, launched by National Semiconductor Corporation, is the H bridge assembly designed specifically for motion control. Integrated in a single chip are CMOS control circuit and DMOS power device. The peak output can run up to 6A, whereas the continuous output current can reach 3A. The operating voltage is able to reach up to 55V. Besides, there are also the temperature alarm, and overheating and short circuit protection functions (Puyal, Barragan, Acero, Burdio & Millan, 2006) . In the servo system for voice coil motor, the peak current is 1A. In the power driver, the operating voltage is 12V. Figure 2 below presents the power driving circuit composed by LMD18200. Figure 1 shows that there are four DMOS power tubes inside LMD18200, making up a standard H driving bridge. When the internal charge pump circuit provides the switching tube of upper and lower bridge arm with gate control voltage, the switching frequency can reach as high as 500 KHz. Suppose the switching frequency for pulse width modulation is set at 25 KHz in the servo system, we can use two 10nF bootstrap capacitors and charge these two bootstrap capacitor with DMOS tube. In this way, the switching tube is provided with gate control voltage.
The interference enters the motor controller in the form of spike pulse and noise. The FPGA output is digital PWM signal and DIR directional signal. The common mode interference is very likely to exist between these two types of signal and the analog signal. In order to prevent this from happening, photoelectric isolation technology is employed to suppress the interference in the servo system. Besides, wave of pulse width modulation and DIR directional signal serve as input to the power driving device LMD18200 after their being isolated by high speed optocoupler 6N137. These steps can effectively separate the input and output channel from the controller, thus avoiding the formation of interference loops and preventing interference from entering into the internal system. In this way, the system can work reliably and stably.
FPGA-based Digital Controller
In the present servo system, the digital controller APA300 is the programmable Flash-based FPGA chip produced by Actel company. Compared with the SRAM-based FPGA chip, the built-in Flash unit has the secure and nonvolatile function of code storage. Therefore, no additional configuration chip is needed. When power is on, the chip is in operation (Monmasson, Idkhajine & Naouar, 2011) .
In FPGA-based digital controller, functions realized by FPGA can be divided into several independent modules in the servo system. Functions of each module are realized through programming of the Verilog HDL hardware description method. The modular design of the digital controller then comes into being. Figure 3 presents the schematics of digital controller based on FPGA. 
Clock Generator Module
The sequential logic circuit is composed of digital devices. This circuit's logic functions can be correctly utilized only under the effect of clock module. In the servo system for voice coil motor, two frequencies are needed: pulse width modulation switching frequency of the motor power driver and the directional control signal frequency.
Our system acquires the global system clock of 12.8MHz by calling phase locked loop kernel that comes with APA300. Frequency divider with different frequency coefficients is then designed by means of a counter. What we get is pulse width modulation switching frequency 25 kHz and directional control signal 2Hz. According to application requirements, we can also change the count of the counter, so as to acquire different clock frequency signals and enhance the flexibility of the system application.
Pulse Width Modulation Generator Module
The speed servo control is achieved in voice coil motor when pulse width modulation power driving switching frequency remains invariant. It is through the current and speed negative feedback that its duty cycle is adjusted. Thus the tracking speed is realized. Ways to change the duty cycle include fixed frequency pulse width modulation method and fixed width frequency modulation method.
Our system uses Verilog HDL programming and the method of fixed frequency pulse width modulation to change the duty cycle. Counters and comparators and registers are also employed to generate pulse width modulation wave. In other words, deviation between the actual value and the given value is compared with the fixed frequency's triangular wave generated by the add-subtract counter. After this comparison, pulse width modulation signal is successfully generated, which paves way for the acquisition of pulse width modulation wave characterized by its fixed switching frequency and adjustable duty cycle.
Data Storage Module
Static RAM is a commonly used data storage device. Compared with synchronous dynamic RAM, its reading and writing operations are convenient, and there is no need to refresh operation. Therefore, our system proposes a design based on static RAM chip CY7C1041 for data storage module.
Static RAM has only one set of data, address and control bus, which can be connected respectively to A/D converter and the digital controller through three-state buffer gate. When A/D converter takes sampling in the current, static RAM is linked to A/D converter by three-state gate, so that data are converted from A/D into static RAM. When the sampling is over, static RAM is switched by three-state gate to get connected to the digital controller, thus enabling the data to be read from static RAM. Additionally, SRAM can be accessed at random, and read and write at different times.
Delay Output Module
In order to ensure correct logic functions of the internal input in integrated power driving chip LMD18200, the input pulse width modulation signal and DIR directional signal should avoid edge alignment. In other terms, the edges of the two signals should have at least 1 delay interval.
The implementation scheme is that FPGA hardware programming makes pulse width modulation signal delay 1/16 pulse width modulation output cycle, so that wave of pulse width modulation and DIR signal have a delay along the edges. This is how the logic requirement of LMD18200 input signal is satisfied.
Experimental Results
The digital controller FPGA receives the current signal from the current sensor feedback. We can combine this signal with closed-loop control algorithm of the servo system to calculate corresponding pulse width modulation digital control quantity. Next power driving circuit is chosen to driving the motor.
The moving mirror's scanning mechanism requires forward and backward bidirectional movement. This means that, in the uniform scanning phase of the moving mirror, what the voice coil motor needs to do is to overcome the friction only. At the moment, the motor is in small current state of forward and bidirectional movement. In this dynamic process, the motor armature current has to be prevented from exceeding the allowable value. To put it in another way, no overshoot is expected with sudden control, or the smaller the overshoot the better. Hence, highly precise control of the small current is called for.
When the scanning mechanism is in uniform scanning phase, we measure its current curves, two cycles of which are shown in Figure 4 . It can be seen from Figure 4 that in uniform scanning, the current curve is smooth, and the current loop can rapidly keep track of current changes. All this reveals that pulse width modulation power driving in the servo system meet satisfyingly the system performance requirements.
Conclusions
By adopting the pulse width modulation driving mode for the voice coil motor power driving, this paper has designed a pulse width modulation driver based on the integrated power device LMD18200. With FPGA as the digital controller, we accomplish the task of full digital control of pulse width modulation power driver. Under the influence of pulse width modulation driver, the current loop can well track the system current, and improve the dynamic performance of the servo system for voice coil motor, thus satisfying the control requirements of the servo system.
